Objectives: It has been reported that the mortality risk for heart failure differs between men and women. It has been postulated that this is due to differences in comorbid features. Variation in risk profiles by gender may limit the performance of stratification algorithms available for heart failure in women. This analysis examined the ability of a published risk stratification model to predict outcomes in women.
INTRODUCTION
C ardiovascular disease is the leading cause of death in women, with heart failure being a major cause of death and disability in this population. 1 Women have a lifetime risk of developing heart failure equal to that of men, estimated at one in five. 2, 3 Hospitalizations for heart failure are common, with 1,092,000 primary heart failure discharge diagnoses reported in 2004. 4 Of these discharges, 520,000 (48%) occurred in men and 571,000 (52%) in women. In comparison, there were 309,000 discharges for myocardial infarction in women. 4 Despite the significant number of women hospitalized for acute decompensated heart failure (ADHF), the clinical characteristics, treatments, outcomes, and risk profiles of these women are inadequately understood, particularly in the emergency setting. Analyses of gender differences in heart failure have primarily originated from clinical trial databases. However, women comprise only about 20% of the enrollment in heart failure clinical trials. 5, 6 Thus, robust conclusions regarding gender differences in heart failure cannot be drawn from these datasets.
Treatment disparities in women compared to men have been reported in other areas of cardiovascular disease. [7] [8] [9] Gender differences in treatment approaches may also be present among patients with ADHF in the emergency setting, but this hypothesis has not been examined in a large, representative data set. Prior studies have established that the pathophysiology, demographics, and presentation characteristics of women with heart failure are different from men, but it is not clear that these differences influence therapeutic selection or clinical outcome in the acute setting. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] In addition, several studies have identified clinical variables that predict short-term mortality in patients with ADHF, but it is not known whether these prognostic markers ascertain risk equally in men and women. [23] [24] [25] [26] [27] [28] [29] It is plausible that risk factors for mortality may be disparate in men and women because of gender differences in heart failure characteristics or pathophysiology.
We used the Acute Decompensated Heart Failure National Registry Emergency Module (ADHERE-EM) database to evaluate gender differences in the presentation, treatment, and outcome of patients with ADHF in the emergency department (ED). Analyses were also performed to ascertain differences in the prevalence of established risk factors according to gender and to evaluate the ability of a previously described risk stratification tool to predict mortality in both men and women in the emergency setting. 24 
METHODS

Study Design
This was a retrospective chart review to examine the ability of a published risk-stratification model to predict outcomes in women. All hospitals obtained institutional review or ethics board approval for participation. The data collection system was designed such that patient informed consent was not required. 30 
Study Setting and Population
The ADHERE-EM database was created as part of the ADHERE registry program, and patients were enrolled between January 2004 and September 2005. ADHERE is a large, national, multicenter registry designed to collect data on the demographics, clinical characteristics, treatment patterns, and outcomes of patients hospitalized for ADHF. 30 The data were collected at 83 hospitals, including 53 academic centers. The goal of ADHERE-EM was to specifically characterize the initial ED evaluation, treatment, and subsequent inpatient management of patients presenting to the ED with ADHF. Therefore, the ADHERE-EM contains detailed data regarding the initial ED presentation, treatment, and disposition not contained in the ADHERE registry. This cohort also included all patients presenting to the ED and identified as having a diagnosis of ADHF regardless of their final disposition.
The registry entries consisted of all consecutive adult patients with either an ED or a hospital discharge diagnosis of ADHF, ADHF that was determined to be clinically present by the patient care team, or ADHF as documented in the diagnosis-related group (DRG) code or ambulatory procedure code. The diagnosis of ADHF was based on the DRG in admitted patients. ADHF had to be the focus of treatment for the patient to be included. Importantly, registry participation did not require any alteration of treatment or ED care, and entry of data into the registry was not contingent on the use of any particular therapeutic agent or treatment regimen. Hospitals of various sizes throughout the United States were represented, and both academic and community hospitals were included.
Measures
Demographic, medical history, clinical presentation, laboratory, treatment course, and clinical outcome data were collected and entered into a Health Insurance Portability and Accountability Act of 1996 (HIPAA)-compliant Web-based electronic data capture system using an electronic case report form. Patient identifiers were not collected.
Data Analysis
Descriptive statistics were used to describe gender differences in presentation, demographics, treatments, and laboratory values. A logistic regression model adjusting for baseline covariates that have previously been shown in the main ADHERE registry to be associated with mortality (blood urea nitrogen [BUN] , systolic blood pressure [sBP], serum creatinine [SCr] , age, and dyspnea at rest) 24 was performed. For the risk stratification analysis, patients were categorized according to the five risk groups identified by the previously derived and validated classification and regression tree (CART) analysis of the main ADHERE registry: high risk (BUN ‡ 43 mg ⁄ dL, sBP < 115 mm Hg, and SCr ‡ 2.75 mg ⁄ dL); intermediate risk 1 (BUN ‡ 43 mg ⁄ dL, sBP < 115 mm Hg, and SCr < 2.75 mg ⁄ dL); intermediate risk 2 (BUN ‡ 43 mg ⁄ dL and sBP ‡ 115 mm Hg); intermediate risk 3 (BUN < 43 mg ⁄ dL and sBP < 115 mm Hg); and low risk (BUN < 43 mg ⁄ dL and sBP ‡ 115 mm Hg). 24 A complete case analysis was performed. The predictive value of this model was then assessed by determination of mortality odds ratios (ORs) and 95% confidence intervals (CIs) between risk groups for men and women. These analyses were performed using Version 8.2 of SAS software (SAS Institute, Inc., Cary, NC).
RESULTS
A total of 10,984 patient records were available in the ADHERE-EM database. Of these, 5,248 (47.8%) were men and 5,736 (52.2%) were women. Heart failure was the primary discharge diagnosis in 97%, and 83% had heart failure as the ED admitting diagnosis. The mean age of the overall patient population was 73.1 years, and men were younger than women (Table 1 ). In the overall patient population, 76% had a prior history of heart failure, 45% had a history of diabetes, and 79% had a history of hypertension. A slightly higher proportion of men had a history of heart failure or diabetes, and more women had a history of hypertension. Preserved systolic function was present in a significantly greater proportion of women compared to men (Table 1) .
In-hospital outcomes and procedures were similar among men and women (Figure 1 ). In-hospital mortality was 3% for men and 2.8% for women (OR 1.04, 95% CI = 0.83 to 1.30). The risk of death was similar between men and women after adjusting for covariates (OR 1.10, 95% CI = 0.86 to 1.40) . No gender differences were present in other important in-hospital clinical procedures, including dialysis or need for mechanical ventilation. The decision tree generated by CART analysis categorized men and women into high-, intermediate-, and low-risk groups (Figure 2 ). In the study cohort, 98.5% of all subjects had complete data and were included in the analysis. The clinical characteristics of the five groups by gender are shown in Table 2 . Patients in the higher risk groups tended to be older and diabetic and have systolic dysfunction compared to patients in the lower risk groups.
Differences were observed in the proportion of men and women at each risk node. Women were more likely to be in the lowest risk node (OR 1.3, 95% CI = 1.2 to 1.4), while men were more likely to be in the highest risk node (OR 1.7, 95% CI = 1.2 to 2.4). No significant difference in the rate of mortality by gender was detected within risk categories (Table 3 ). The risk categorization method stratified in-hospital mortality risk regardless of gender. The mortality OR between the high-and low-risk groups was 9.3 (95% CI = 4.2 to 20.3, p < 0.0001) in women and 8.6 (95% CI = 4.0 to 18.1, p < 0.0001) in men ( Table 2) . Discrimination between the intermediate-risk and the high-risk group was not as robust.
DISCUSSION
This analysis of the ADHERE-EM registry in ED patients revealed several gender disparities in ADHF clinical characteristics and treatment patterns. Despite these differences, a previously validated risk stratification tool showed good dispersion of risk in both men and women. Figure 2 . Predictors of in-hospital mortality and risk stratification. ADHERE-EM ¼ Acute Decompensated Heart Failure National Registry Emergency Module; BUN ¼ blood urea nitrogen; sBP ¼ systolic blood pressure; SCr ¼ serum creatinine.
Our analysis generated evidence to suggest that in-hospital mortality was not different in men and women at any level of predicted risk based on admission variables. This finding is clinically significant because previous reports have suggested that female gender is associated with a lower mortality risk. [31] [32] [33] [34] [35] [36] [37] [38] These previous studies were largely based on clinical trial data sets in the chronic heart failure population, and women have generally been underrepresented in clinical trials. 5, 6 In contrast, the ADHERE-EM registry population was 52% women, a factor that enhances the generalizability of our analysis. Consistent with our findings, gender has not been shown to independently predict mortality in other large, representative data sets. 24, 25, 39 The finding that women have an in-hospital mortality risk similar to that of men has important clinical implications. These data suggest that patients hospitalized with ADHF should receive optimal, evidencebased therapy and appropriate monitoring irrespective of gender. The CART tool, previously developed and validated by Fonarow et al., 24 effectively predicted inhospital mortality in both men and women across all risk categories in the ADHERE-EM data set. The ability to accurately risk-stratify patients with ADHF in the ED is critical to ensuring appropriate resource utilization and early implementation of an appropriate therapeutic plan. In addition, utilizing a tool that has good risk differentiation in both men and women may minimize treatment bias attributed to gender.
Systolic blood pressure, SCr, and BUN have been shown in previous models to predict outcome. [23] [24] [25] 40, 41 The predictive risk was not stratified by gender in these analyses. It is plausible that prognostic markers may be gender-specific because of significant differences between men and women in heart failure etiology, pathophysiology, or the prevalence of predictor variables. This has been shown with B-type natriuretic peptide levels. In patients with acute dyspnea, B-type natriuretic peptide values > 500 pg ⁄ mL displayed a higher rate of mortality at 24 months in women compared to men (68% vs. 46%, p = 0.015). 42 In addition, women with heart failure tend to be older, and they have higher rates of hypertension and preserved systolic function. [43] [44] [45] Women also tend to present with ischemic heart disease less often. 32 In one study of 5,491 patients admitted with heart failure, women were more likely than men to have a creatinine clearance < 60 mL ⁄ minute and a higher left ventricular ejection fraction (LVEF). 36 Data from the ADHERE registry showed that fewer women than men had SCr > 2.0 mg ⁄ dL, elevated BUN, or low sBP. 5, 39 Differences in the presence of low sBP, SCr ‡ 2.75 mg ⁄ dL, and BUN ‡ 43 mg ⁄ dL were noted between men and women in this study.
Despite the observed gender differences in the prevalence of discriminatory variables, the CART-derived model was able to stratify risk in men and women to a similar degree. This model performed well in a diverse ED patient population with ADHF identifying a highand low-risk group, and it also provided useful information independent of gender. This study provides evidence that a model using discriminatory parameters readily available in the ED can be used in conjunction with clinical judgment to identify both men and women who are at highest risk of short-term mortality and who may benefit from a high level of care. In particular, it identified those subjects at either end of the spectrum of risk, which may have the greatest impact on clinical care.
LIMITATIONS
This analysis should be interpreted in the context of several limitations. First, we analyzed episodes of ED presentations and hospitalizations, not unique patients. The treatment differences noted in women with ADHF during the acute management, in-hospital, or discharge time points cannot be solely attributed to disparities in care. Gender-specific variations in pathophysiology, reported symptoms, or preservation of systolic function may require divergent treatment strategies that are clinically appropriate. In addition, the patient's response to the initial diuretic administration was not collected in the database. The data for this analysis were collected by retrospective chart review, and this methodology may not reflect the treating physician's interpretation of symptom severity or acuity, a factor that likely influences treatment. The DRG code was utilized in admitted patients to identify eligible subjects. It is possible that these subjects were not identified as having ADHF in the ED. In addition, the physician's assessment of risk was not obtained; thus, we cannot evaluate the contribution of the risk model above clinical assessment alone. While we observed an association between gender and the ED administration of some therapies, we cannot ascertain from these data whether or not gender was a causative factor in these treatment differences. This analysis was based on the assumption that discriminatory variables did not differ between the ADHERE-EM and ADHERE core databases. However, the current model defined five distinct categories of risk, suggesting that discriminatory variables were appropriately applied. The intent of this analysis was to identify those at highest risk of death, and therefore in greatest need of aggressive monitoring and care, rather than to determine patients suitable for discharge to home. However, the sample size in the final nodes is small, with wide CIs, therefore limiting the stability of the stratification model. Finally, sites participating in the ADHERE-EM registry were experienced in the management of ADHF, and their treatment approaches may not reflect those of general ED settings.
CONCLUSIONS
We noted variations in clinical parameters included in the CART risk stratification model in women compared to men, in this study of more than 10,000 patients presenting to the ED with ADHF. Women have a risk of in-hospital mortality similar to men, and a risk stratification model accounting for sBP, BUN, and SCr predicted risk similarly between genders. More research is needed to fully understand potential gender differences in ADHF, and future trials should aim to enroll a representative sample of women so that important clinical questions in this population can be addressed. 
